ABSTRACT Distributions of chaetodactylid mites (Acari: Chaetodactylidae), obligate associates of long-tongued bees of the families Apidae and Megachilidae, largely correspond to those of their hosts. Early derivative lineages of mites (Centriacarus gen. n. and Roubikia) are restricted to the endemic Neotropical apid bee genera Centris and Roubikia, respectively. Phylogenetically derived mite lineages are worldwide in distribution: Sennertia species are associated with carpenter bees (Ceratina and Xylocopa), and Chaetodactylus species are associated with nine megachilid and Þve apid bee genera. In contrast, mites of the genus Achaetodactylus are known exclusively from African Ceratina hosts. Reconstruction of the historical biogeography of the group, including the newly described early derivative genus Centriacarus, is conducted for the Þrst time. Present distribution and host associations of chaetodactylids can be best explained by host shifts and intercontinental dispersals of phylogenetically basal groups. The Neotropical region is most likely to have been the ancestral area of this mite family. We describe six new early derivative taxa from the Neotropics, the center of origin and a biodiversity hotspot for chaetodactylids: Centriacarus turbator sp. n. 
reciprocal and that they resulted from pairwise coevolutionary interactions (OConnor 1993b; Okabe and Makino 2002, this study) . The associations of Sennertia species with carpenter bees present, perhaps, the most salient case of coevolution among arthropods, resulting, in our estimation, in the formation of nearly 170 species of mites associated with 469 species of large carpenter bees (Michener 2000) . Biogeographic evidence suggests that mites and bees have coevolved over a long evolutionary timescale. For example, lineages within the derived genus Sennertia track ancient (34 Ð34.6 Mya) dispersal of Old World lineages of Xylocopa to the New World (Leys et al. 2002, this study) .
Chaetodactylid mites have been poorly studied in the Neotropics, a biodiversity hotspot with an exceptional concentration of endemic long-tongued bee lineages (Michener 2000) . To date, only two genera and 10 species of chaetodactylids are known from this vast area (Vitzthum 1941; Turk 1948; Fain 1971; DelÞnado and Baker 1976; Baker and DelÞnado-Baker 1983; Baker et al. 1987 ; de Alzuet and Abrahamovich 1987 , 1989 OConnor 1993a) . As part of an ongoing survey of beeassociated mites, we have recovered two remarkable mite species belonging to a new genus, Centriacarus gen. n., from this region. Judging from numerous plesiomorphic character states, it forms the sister group to all other known chaetodactylids. The new Þnding, crucial for understanding historical biogeography of the family, allowed us to hypothesize the center of origin of the Chaetodactylidae using dispersal-vicariance analysis (Ronquist 1996 (Ronquist , 1997 .
In addition, we describe four other interesting Neotropical species. Chaetodactylus melitomae sp. n., is unusual in its obligate association with an apid beeÑ all previously described Chaetodactylus (s.str.) species are known from megachilid bees. Some of its character states indicate that it belongs to one of the early derivative groups in the genus. Chaetodactylus lassulus sp. n. is restricted to the Araucanian region and is characterized by the reduced prodorsal shield and other conspicuous characters such as the striated claws and the position of setae c 1 and d 2 outside the hysterosomal shield. In addition, its associations with the megachilid genus, Trichothurgus, expands the known host range of the family. Finally, two new species of Roubikia from endemic apid bees of the genus Tetrapedia conÞrm biological associations and distribution of the genus, which was previously known from only a single species.
In the descriptive section, idiosomal chaetotaxy follows GrifÞths et al. (1990) . The terminology of coxisternal setae follows Norton (1998) . The leg chaeto-and solenidiotaxy follow Grandjean (1939) . All measurements are in micrometers. Statistical data are given as mean Ϯ SD. In descriptions, unique character states are mentioned. Holotypes are deposited in the institutions housing the host specimens except specimens from USDA are deposited in National Museum of Natural History, Washington, DC (USNM). In descriptions, heteromorphic deutonymph(s) are abbreviated as HDN(s). Paratypes and nontype material are divided between these institutions and UMMZ, usually at the ratio 3:1. All host specimens are vouchered with label reading "Mites removed, B.M. OConnor" followed by BMOC voucher number. The host voucher number also appears on mite specimen slides. Museum abbreviations used in the article are as follows: AMNH, American Museum of Natural History, New York, NY; CAS, California Academy of Sciences, San Francisco, CA; CUIC, Cornell University, Ithaca, NY; EMEC, University of California, Essig Museum of Michener 2000) . Some associations that marginally occurred in a region are omitted. Unusual Þnding of chaetodactylids on Andrena, Halictus, Anthophora, Apis, Bombus, Vespula, and Passalidae (Chmielewski 1993 , Haitlinger 1999 , Zachvatkin 1941 , our data) are omitted. Cleptoparasites of the principal hosts (parentheses) that may transfer chaetodactylids are also not included: apid Coelioxoides (Tetrapedia), Stelis (Osmia), sapygids Polochrum (Xylocopa), and Sapyga (Chelostoma) (Samšiň ák 1973 , Zachvatkin 1941 
Methods
Biogeographic history of the mites was reconstructed using dispersal-vicariance analysis (DIVA 1-1a; Ronquist 1996 Ronquist , 1997 ). This method is based on a vicariance model and allows dispersals and extinctions. DIVA does not force area relationships to conform to a hierarchical "area cladogram," so it can be used to reconstruct "reticulate" biogeographic scenarios. Twelve taxa representing Þve chaetodactylid genera, the set of unit areas (Table 1) , and the phylogenetic tree from Fig. 1 (Klimov et al. 2007 ), were analyzed. DIVA optimal reconstructions with an unconstrained number of unit areas did not produce any plausible explanation of the distribution pattern of early derivative chaetodactylids. The ancestor of the entire family as well as the common ancestors of the recent mite groups could be distributed in any geographic region.
We suspect that the lack of resolution resulted from the heavy weighting of the present distribution of Chaetodactylus attacking some hosts capable of distant intercontinental dispersal. One of the early derivative lineages, the Chaetodactylus ludwigi species-group, is an example. This group has the broadest distribution among any group of chaetodactylids below the generic level, including South America, Africa, India, Oceania, Australia, and the eastern Palaearctic (southern Japan) (P.B.K. and B.M.O., unpublished data). Close morphological similarities among its species suggest that this distribution is rather a consequence of transoceanic migrations as nests of their hosts may disperse in drifting wood (Michener 2000) . Therefore, according to the ranges of the early derivative chaetodactylids (Table 1) , we restricted the number of ancestral distribution areas to three.
Historical Biogeography
The combination of geographic distribution and host range of recent chaetodactylid mites creates a very peculiar pattern: three early derivative genera are restricted to South America (Centriacarus, Roubikia) or Africa (Achaetodactylus), whereas two more recently derived sister-taxa, Chaetodactylus and Sennertia, are worldwide in distribution. The broad ranges of Chaetodactylus and Sennertia reßect the present distribution of their principal hosts (Table 1 ). The restricted ranges of Centriacarus and Roubikia also can be explained by their host distribution. However, Achaetodactylus, despite the broad range of its hosts of the genus Ceratina, is known exclusively from Africa. The DIVA analysis produced a single optimal hypothesis for ancestral distribution of early derivative lineages ( Fig. 1) , which identiÞed the Neotropics as the center of origin for the family.
Chaetodactylidae are associated with the phylogenetically basal lineages of the families Megachilidae (Lithurgini) and Apidae (Xylocopini), suggesting that they may be as old as the split between the two families that took place in the Late Cretaceous, Ϸ90Ð95 Mya (Engel 2001a (Engel , 2001b ). An alternative explanation is that chaetodactylids originated substantially later, in the Eocene, and that they have experienced several host shifts concomitant with intercontinental dispersals. The former scenario involves a Gondwanan distribution of chaetodactylids, whereas the latter is post-Gondwanan. Interestingly, different lineages of long-tongued bees also display both distributional patterns, which are largely uncorrelated with their hypothesized phylogeny. The tribes Fideliini (South Africa and the Araucanian region), Meliponini (pantropical), and Lithurgini, Anthidiini, Ceratinini, and Xylocopini are distributed worldwide and probably have a Gondwanan origin (Engel 2001a (Engel , 2001b . The former two tribes lack associated chaetodactylid faunas, whereas the others are attacked by these mites. Leys et al. (2002) argued that the distribution patterns of at least Xylocopinae (Xylocopini and Ceratinini) and Meliponini were shaped by historical migrations across continental bridges or island chains, and they are more likely post-Gondwanan. Similarly, many other lineages of long-tongued bees show a postGondwanan distribution. Roig-Alsina and Michener (1993) indicated 14 tribes of bees, including chaetodactylid hosts Tetrapediini and Centridini, that are endemic to the Neotropics but that do not have immediate relatives in Africa, indicating they appeared after the full separation of the two continents. Below we consider the two biogeographic scenarios in detail. Hypothesis 1. A Neotropical origin of chaetodactylids during the early stages of breakup of West Gondwanaland in the Late Cretaceous requires host shifts in two early derivative lineages of mites (Centriacarus and Roubikia). Their present hosts, bees of the genera Tetrapedia and Centris, are autochthonous Neotropical lineages that originated after the full separation of the South American and African continents. This hypothesis also requires an intercontinental dispersal of the ancestor of Achaetodactylus from South America to Africa roughly coincident with the separation of these two continents in the Late Cretaceous. By that time, West Gondwanaland was already separated into African and South American continents, although the distance between them was likely not substantial (Smith et al. 1994) , allowing for occasional dispersal events.
Hypothesis 2. A Neotropical origin of chaetodactylids after the breakup of West Gondwanaland explains the occurrence of the early derivative chaetodactylids (Centriacarus and Roubikia) on endemic Neotropical bees. However, this hypothesis requires an intercontinental dispersal and possibly, a host shift in Achaetodactylus, because the South American continent was fully separated from the North American and African continents from the Late Cretaceous. According to Leys et al. (2002) Xylocopa migrated to Africa only in the early Miocene, Ϸ20 Mya, well after the migration to North America in the late Eocene before 34 Mya. Judging from the monophyly of Sennertia lineages associated with New World carpenter bees, the mites migrated with their hosts to North America; therefore, they were already present at least 34 Mya. In our phylogenetic reconstruction, Sennertia originated from an Achaetodactylus-like ancestor ( Fig. 1) . Thus, the origin of Achaetodactylus should be dated earlier than the late Eocene, before the divergence of the Old and New World large carpenter bees but well after the divergence of Ceratinini and Xylocopini.
The above-mentioned observations do not allow a deÞnitive answer regarding the timing of chaetodactylid origin. Like the biogeographic past of their hosts, there are several mutually contradictory distribution patterns, suggesting different biogeographic scenarios. Host shifts and intercontinental dispersals of early derivative groups must be involved to explain the present distribution and host associations of chaetodactylids. Irrespective of which hypothesis is preferred, the Neotropical region is identiÞed as the center of origin of chaetodactylid mites. Fig. 2A) . Posterior, lateral, and anterior cuticular suckers of attachment organ present ( Fig. 2A) . Bases of anterior cuticular suckers inserted on separate apodeme (may touch or overlap posterio-lateral sclerotized border of the attachment organ) ( Fig. 2A) . Apodemes of ps 1 separated ( Fig. 2A) . Tarsal setae wa I-II submedial; f I-II apical, near tarsal apices. Solenidion 2 present. Empodial claws I-III not twisted (cf. Fig. 2B and C) . Dorsal cuticular folds of ambulacra I-III absent (cf. Figure 2B and C). Ambulacral stalk with posterioproximal lobe absent (cf. Figure 2B and C). Condylophores of pretarsi I-III weakly developed, almost symmetrical (cf. Fig. 2B-D) . Supporting sclerites of condylophores (latero-apical sclerites of tarsus) indistinct, not connected by dorsal bridge (cf. Fig. 2B and C). Disto-dorsal lobe of distal part of the caruncle (cf. Fig. 2B and C) absent. Dorsal condylar plate of femur-tibia joint broad. Tarsi I-II with seven setae (p and q present). Tarsal setae ra and la I-II foliate. Genual seta cG I longer or slightly shorter than genu I and modiÞed; longer than cG II. Tarsal setae q III present. Tarsal setae w, r, and p III present. Tarsal seta s III foliate. Solenidion III absent, represented by alveolus. Tarsus IV with eight setae (s, p, q present). Tarsal setae e, f IV foliate or slightly lanceolate. Tarsal setae w IV longer than leg IV. Tibial setae kT IV present. Solenidion IV absent, represented by alveolus. Other instars unknown.
Distribution. Neotropical region. Hosts. Centriacarus species are associated with species of Centris (Heterocentris) (Apidae: Xylocopinae: Centridini). Species of this subgenus nest in wood in contrast to numerous other ground-and termitariumnesting species of Centris (Coville and Frankie 1983) .
Etymology. The generic name is formed from Centris (the host genus) and acarus (a mite) and is masculine in gender.
Notes. Many plesiomorphic character statess such as the position of idiosomal setae, structure of the attachment organ, structure of ambulacra I-II, simple empodial claws, and the greater number of leg setae) indicate that the new genus is the sister group to the remaining lineages of the family Chaetodactylidae (Fig. 1 ).
Key to Species of the Genus Centriacarus
(Heteromorphic Deutonymphs) 
Genus Roubikia OConnor, 1993
Type species Chaetodactylus panamensis Baker, Roubik et DelÞnado-Baker, 1987 , by original designation.
Emended Diagnosis (Deutonymphs). Setae e I-II (OConnor 1993a) (ϭd I-II) are not foliate but Þl- 
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ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 100, no. 6 iform ( Fig. 8A and B) . Tarsus IV with a spiniform empodial claw (Fig. 8D ). Diagnostic Description. Phoretic deutonymph. Dorsal extensions of apodemes I-II usually completely surround setae scx. Gnathosomal setae often absent, if present may be unpaired. Setae si usually slightly exceed distance from lateral edge of prodorsal shield to base of si ϩ distance between si, ratio 0.8Ð1.6 (1.1 Ϯ 0.16, n ϭ 23). Setae si Ͻ2 times longer than SE, ratio si/SE 1.1Ð1.8 (1.5 Ϯ 0.14, n ϭ 23). Setae mG I slightly pectinate. Setae mG II equal or exceeding length of legs II (with claw), ratio 1.0Ð1.4 (1.1 Ϯ 0.11, n ϭ 19 Variation and Abnormalities. In one small (293) specimen, scx is not completely surrounded by the dorsal extensions of apodemes I-II (BMOC 04-0508-252#7). The number of gnathosomal setae is zero, one, or two (in 12, 8, and 3 specimens out of 23 examined, respectively). There are two solenidia ( 1 and 2 ) on tarsus II: 13.0 and 18.0 long (BMOC 04-0508-251#1) (on one tarsus); 11.5Ð12.0, 18.0 Ð 18.5 (BMOC 05-0408-246#1) (on two tarsi). The usual parallel-striated pattern on the hysterosomal shield is irregular in two specimens (BMOC 04-0508-251#3,4). Tarsal setae p IV may be distinctly longer than q IV (e.g., Fig. 8D and G) (usually they are subequal).
Key to Species of the Genus

Roubikia officiosa sp. n.
( Fig. 9AÐC ; Table 3 ) Diagnostic Description. Phoretic deutonymph. Dorsal extensions of apodemes I-II usually not completely surrounding setae scx. One pair of gnathosomal setae. Setae si nearly equal to distance from lateral edge of prodorsal shield to base of si ϩ distance between si, ratio 0.8 Ð1.1 (0.9 Ϯ 0.08, n ϭ 9). Setae si Ͻ2 times longer than se, ratio 1.1Ð1.4 (1.3 Ϯ 0.09, n ϭ 9). Setae mG I smooth. Setae mG II distinctly shorter than combined length of femur-tibia II; ratio length of mG II/legs II (with claw) 0. 
Genus Chaetodactylus Rondani, 1866
Type species Trichodactylus osmiae Dufour, 1839 by monotypy.
Chaetodactylus melitomae sp. n. (Figs. 10 Ð11 ; Table 4) Chaetodactylus sp. Linsley et al. 1980 : 20 (not studied, assigned to this species on the basis of the broad host range and geographic distribution of C. melitomae).
Description. Phoretic deutonymph. Longitudinal sclerites on rostral projection (extensions of coxal apodemes I) well sclerotized, distinct, separated by distinct space and diverging posteriorly (Fig. 5B) . Alveoli ve situated on prodorsal shield or touching it. Prodorsal shield extends anterior to se; shield transversely striated; lateral angles not attenuated. Setae si situated on prodorsal shield. Hysterosomal shield longitudinally striated, except for anterio-lateral part, most lines long but shorter than half of hysterosomal shield. No reticulate pattern on hysterosomal shield. Lateral hysterosomal sclerites dorsal, split into three small, separate sclerites, one of them posterior to cupule im, and two anterior. Longest dorsal setae smooth. Setae c 1 and d 2 situated on hysterosomal shield. Setae c 2 situated outside prodorsal shield. Seta c p distinctly anterior to level of c 2 . Setae si length nearly equal to half of distance between their bases. Setae h 3 shorter than combined length of femur, genu, and tibia I. Setae h 1 slightly or distinctly shorter than e 1 . Coxal setae 1a, 3a, and 4b Þliform, situated on soft cuticle. Alveoli of 3a and 4b without surrounding sclerites. Ventral setae 4b short, distinctly shorter than 3a. Coxal setae 3a Ͼ2 times longer than 4a. Sternal apodeme not bifurcated posteriorly. Posterior apodeme II absent, represented by short sclerite on middle of lateral edges of sternal shield. Proximal and distal acetabular extensions of apodemes IV disjunct. Attachment organ width (including transparent margin) distinctly shorter than distance between 4a. Lateral sclerites of attachment organ not reaching level of 44.5, 32Ð59 (44 Ϯ 6.3, n ϭ 22) 61, 36Ð62 (52 Ϯ 9.9, n ϭ 9) leg II 150, 130Ð180 (150 Ϯ 12.8) 130, 107Ð130 (121 Ϯ 9.3) mG II 162, 133Ð208 (169 Ϯ 18.8, n ϭ 19) 65, 36Ð71 (53 Ϯ 15, n ϭ 7) Ratio si/Distance 1 1.0, 0.8Ð1.6 (1.1 Ϯ 0.16) 0.8Ð1.1 (0.9 Ϯ 0.08, n ϭ 9) Ratio si/se 1.5, 1.1Ð1.8 (1.5 Ϯ 0.14) 1.1Ð1.4 (1.3 Ϯ 0.09, n ϭ 9) Ratio mG II/leg II with claw 1.1, 1Ð1.4 (1.1 Ϯ 0.11, n ϭ 19) 0.5, 0.3Ð0.5 (0.4 Ϯ 0.09, n ϭ 7)
Distance 1, distance from lateral edge of prodorsal shield to base of si ϩ distance between si (1); n. m., nonmeasurable.
4a. Suckers ad 3 (excluding transparent margin) larger than inner unsclerotized area of suckers ad 1ϩ2 . Anterior edge of ps 2 bases posterior to posterior edge of inner unsclerotized area of suckers ad 1ϩ2 . Tarsi with semicircular sclerite distal to base of wa I-II. Solenidion I length 0.4 Ð 0.5 length of genu I. Setae mG I shorter than combined length of genu and tibia I, cG I nearly equal to this distance. Genual setae cG I smooth. Genual setae mG I smooth. Genual setae mG II shorter than combined length of femur, tibia and genu II. Femoral setae vF II shorter than combined length of femur and tibia II. Genual setae mG II smooth, slightly longer or shorter than mG I, shorter or nearly equal to vF II. Tarsal setae la I-II Þliform. Tarsal setae wa I-II Þliform, slightly widened at base. Genual setae nG III pectinate or smooth, at most reaching base of tarsus III. Solenidion III absent. Seta s III subapical. Solenidion IV longer than genu IV. Tarsal seta s IV present. Setae w or s IV longer than length of tarsus IV, uniform in length and width. Tarsal setae f and e IV longer than tarsus IV, symmetric, nearly equal. Tarsal setae e IV uniform in length and width with w and s IV. Tarsus IV 2Ð1.5 times longer than its basal width. Other instars unknown.
Diagnosis. In addition to the two autapomorphies (underlined in the description), differs from all known species of Chaetodactylus by the unique proportions of tarsal setae w, r, f, and e IV, which are stiff ("nonbendable"), longer than tarsus IV and nearly uniform in length (in other species, at least one of the tarsal setae is shorter than tarsus IV, if all setae are longer than tarsus IV, then they are nonuniform in length and width. Long tarsal setae, if present, Þliform ("bendable"). This species seems to represent a basal lineage within Chaetodactylus. 10, 6Ð12 (9 Ϯ 1.9, n ϭ 9) 15, 9Ð15 (12 Ϯ 2.1, n ϭ 9) e 2 10, 5Ð11 (9 Ϯ 1.8, n ϭ 9) 44, 22Ð44 (29 Ϯ 6.9) f 2 9, 7Ð9 (8 Ϯ 0.7) 24, 11Ð24 (17 Ϯ 3. Hosts. Melitoma segmentaria (Fabricius, 1804), Melitoma sp. (Apidae: Emphorini). Linsley et al. (1980) record presumably the same species from Melitoma marginella (Cresson, 1872) . Also known from Diadasia sp. (host misidentiÞcation or secondary contamination; the host specimen is not available for study).
Etymology. The speciÞc epithet is derived from the generic name of the host and is a noun in the genitive case.
Biology. In Mexico (Chiapas: Francia), 2.4% of the cells examined contained heteromorphic deutonymphs of assumed C. melitomae. Most of these cells contained hundreds of mites, which seemed to have consumed all or substantial amounts of the pollen. The infested cells did not have fragments of bee eggs or larvae, suggesting that the egg or young larva also is destroyed by the mites, or that the latter develop successfully only in cells in which oviposition did not take place. Because the deutonymphal stage is dependent upon phoretic transport from the cell in which it develops to a new cell where further development and reproduction occur, burrows of bees that arrange their cells in a series would seem to be suited to these mites. Bees emerging in cells lower down in the series would readily become contaminated if they pass through mite-infested cells (Linsley et al. 1980 almost on same transverse level (distance between them usually not exceeding twice the diameter of bases of c 2 . Setae h 3 shorter than femur. Setae h 1 and e 1 nearly of same length. Coxal setae 1a Þliform. Coxal setae 1a, 3a, and 4b situated on soft cuticle.
Alveoli of 3a and 4b without surrounding sclerites. Ventral setae 4b distinctly shorter than 3a. Coxal setae 4a almost as long as 3a. Sternal apodeme not bifurcated posteriorly. Posterior apodeme II present, slightly exceeding one-half of lateral edge Solenidion I shorter than 0.3 of genu I. Setae mG and cG I shorter than combined length of genu and tibia I, both pectinate. Genual setae mG II, pectinate, shorter than combined length of tibia and genu II, longer than mG I, nearly equal to vF II. Femoral setae vF II distinctly shorter than combined length of femur, genu and tibia II. Solenidia 1 and 3 distinctly separated, distance exceeds three diameters of alveolus of famulus. Tarsal setae la I-II Þli-form. Tarsal setae wa I-II Þliform, slightly widened at base. Genual setae nG III extending end of genu, smooth. Solenidion III absent, represented by alveolus. Seta s III subapical. Solenidion IV shorter than genu IV. Tarsal setae s and w IV present, uniform in length and width, both shorter than maximum width of tarsus IV. Tarsal setae f and e IV vestigial or absent. Tarsus IV Ϸ3 times longer than its basal width. Other instars unknown. Diagnosis. The new species differs from all known species of Chaetodactylus by the autapomorphic characters indicated in the description above (underlined). The relative lengths of setae mG II and vF II (shorter than combined length of femur, genu and tibia II) indicates that the new species belongs to the species group primarily associated with Lithurgus. Beside the autapomorphies it differs, from all species of this group by the well developed posterior apodemes II, which exceed half of the lateral edge of the sternal shield. The position of setae c 1 and d 2 outside the hysterosomal shield and the elongation of tarsi I-II (as a result, solenidia 1 and 3 become distinctly separated, the distance between them exceeding three diameters of alveolus of famulus) are shared with two undescribed species associated with Lithurgus from the New World. Setae d 2 (but not c 1 ) also are situated outside the hysterosomal shield in three species associated with Lithurgus [C. ludwigi (Trouessart 1904) , C. dalyi Fain, 1974 , and related undescribed species from the Neotropics] and one undescribed species associated with Osmia. Ventral striation of claws I-III is shared with an undescribed species associated with Anthidium from Chile. 
